Extraction and partial purification of coagulation active components from common bean seed by Šćiban Marina B. et al.
UDC 628.335:633.35
APTEFF, 37, 1-192 (2006) BIBLID: 1450–7188 (2006) 37, 37-43
Original scientific paper
37
EXTRACTION AND PARTIAL PURIFICATION OF COAGULATION 
ACTIVE COMPONENTS FROM COMMON BEAN SEED
0DULQD%âüLEDQ0LUMDQD*$QWRYDQG0LOH7.ODãQMD
$QDFWLYHFRDJXODWLRQFRPSRQHQWZDVH[WUDFWHGIURPFRPPRQEHDQVHHGE\1D&O
VROXWLRQDQGWKHREWDLQHGFUXGHH[WUDFWZDVSDUWLDOO\SXUL¿HGWKURXJKDVHTXHQFHRIVWHSV
WKDWLQFOXGHGSUHFLSLWDWLRQRISURWHLQE\DPPRQLXPVXOSKDWHGHVDOWLQJE\GLDO\VLVDQG
DQLRQH[FKDQJH$WXUELGZDWHUZDVWUHDWHGE\SURWHLQIUDFWLRQVREWDLQHGLQWKHDQLRQ
H[FKDQJHHOXWLRQSURFHVVE\VWHSZLVHLQFUHDVHLQ1D&OFRQFHQWUDWLRQ7KHMDUWHVWVZHUH
FRQGXFWHGDWYDULRXVGRVDJHVRIHOXDWHV'LIIHUHQWPRGHRIUHODWLRQEHWZHHQFRDJXODWLRQ
DFWLYLW\DQGDSSOLHGFRDJXODQWGRVHIRUHDFKSURWHLQIUDFWLRQLQGLFDWHGWKHH[LVWDQFHRI
GLIIHUHQWPHFKDQLVPVRIFRDJXODWLRQÀRFFXODWLRQGHSHQGLQJRIFKDUDFWHULVWLFVRIGLIIHUHQW
SURWHLQVLQWKHIUDFWLRQV
.(<:25'61DWXUDOFRDJXODQWFRPPRQEHDQVHHGSXUL¿FDWLRQZDWHUFODUL¿FDWLRQ
coagulation activity
INTRODUCTION
1DWXUDOFRDJXODQWVRISODQWDQGPLQHUDORULJLQZHUHLQXVHLQZDWHUWUHDWPHQWEHIRUH
the advent of chemical coagulants. In spite of that, they have not been able to compete
HIIHFWLYHO\EHFDXVHFKHPLFDOFRDJXODQWVDQGÀRFFXODQWVDUHFKHDSDQGHDV\IRUXVH,QRS-
SRVLWHQDWXUDOFRDJXODQWVZKLFKDUHWUDGLWLRQDOO\XVHGIRUGRPHVWLFSXUSRVHVLQVRPHUXUDO
WURSLFDODUHDVKDYHQRWEHHQVXI¿FLHQWO\LQYHVWLJDWHG
Recently, several studies reported that some chemical coagulants, e.g. aluminium salts
UHPDLQHGLQWDSZDWHUDIWHUFRDJXODWLRQPD\LQGXFH$O]KHLPHU¶VGLVHDVHDQGVLPLODUKHDOWK
problems (1,2). On the other hand, monomers of some synthetic organic polymers such
as acrylamide have neurotoxicity and strong carcinogenic properties (3). Because of that,
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WKHUHKDVEHHQFRQVLGHUDEOHLQWHUHVWLQWKHGHYHORSPHQWRIQDWXUDOFRDJXODQWVZKLFKDUH
safe for human health and biodegradable.
For this purpose the greatest degree of attention has been focused on the seed of 0R
ULQJDROHLIHUD from Sudan (4-7), Nirmali seed (6WU\FKQRVSRWDWRULXPDQGPDL]H=HH
PD\V) in India (8), mesquite bean (3URVRSLVMXOLÀRUD) and &DFWXVODWLIDULD in Venecuela
(9), and so on.These natural coagulants can be used alone or as a substitution for chemical
FRDJXODQWVDQGÀRFFXOODQWV7KH\FDQEHXVHGIRUUHGXFLQJWXUELGLW\DQGPLFURRUJDQ-
LVPVLQZDWHUIRUZDWHUVRIWHQLQJDQGIRUGHZDWHULQJRIVOXGJHV
In our previous research, the ability of seed extract of common bean (3KDVHROXVYXO
JDULVWRDFWDVQDWXUDOFRDJXODQWVZDVHVWDEOLVKHG7KLVPDWHULDOZDVVHOHFWHGEHFDXVH
common bean contains about 20% to 25% of proteins as some authors have considered
WKDWWKHDFWLYHFRDJXODQWDJHQWVLQSODQWH[WUDFWVDUHSURWHLQV7KHREMHFWLYHRIWKLV
VWXG\ZDVWKHSDUWLDOSXUL¿FDWLRQRIFRPPRQEHDQFUXGHH[WUDFWDQGLQYHVWLJDWLRQRIFR-
DJXODWLRQFKDUDFWHULVWLFVRIREWDLQHGSDUWLDOO\SXUL¿HGH[WUDFWV
(;3(5,0(17$/
([WUDFWLRQRIDFWLYHFRPSRQHQWVIURPFRPPRQEHDQVHHG
The 3KDVHROXVYXOJDULVVHHGVZDVJURXQGWRD¿QHSRZGHUE\XVLQJD laboratory mill
DQGVLHYHGZLWKVLHYHRIPP7KHIUDFWLRQZLWKSDUWLFOHVL]HOHVVWKDQPPZDVXVHG
LQH[SHULPHQWV7HQJUDPVRIVHHGSRZGHUZDVVXVSHQGHGLQPORIPROO1D&O
VROXWLRQ7KHVXVSHQVLRQZDVVWLUUHGXVLQJDPDJQHWLFVWLUUHUIRUPLQWRH[WUDFWWKHFR-
DJXODWLRQDFWLYHFRPSRXQGV7KHVROXWLRQZDVWKHQ¿OWHUHGWKURXJKDUXJJHG¿OWHUSDSHU
7KLV¿OWUDWHLVUHIHUUHGWRDVFUXGHH[WUDFW
3XUL¿FDWLRQRIFUXGHH[WUDFW
&UXGHH[WUDFWZDVVDWXUDWHGWRE\DGGLQJ1+4)2SO4 and centrifuged at 3500 rpm
IRUPLQ3UHFLSLWDWHZDVUHVXVSHQGHGLQ0SKRVSKDWHEXIIHUS+DQGGLDO\VHG
RYHUQLJKWDJDLQVWGHLRQLVHGZDWHUDWoC.
)XUWKHUSXUL¿FDWLRQVWHSZDVSHUIRUPHGE\LRQH[FKDQJHFKURPDWRJUDSK\LQEDWFK
PRGHRIRSHUDWLRQGLDO\VHGVDPSOHZDVORDGHGRQDQLRQH[FKDQJHUHVLQ$PEHUOLWH,5$
&OUHVLQZDVULQVHGE\SKRVSKDWHEXIIHUDQGDFWLYHFRPSRQHQWVZHUHHOXWHGE\VWHS-
ZLVHLQFUHDVHLQ1D&OFRQFHQWUDWLRQDQG0$IWHUHDFKHOXDWLRQVWHS
IUDFWLRQVZHUHVHSDUDWHGIURPWKHUHVLQE\FHQWULIXJDWLRQUSPPLQDQGWKHLU
DEVRUEDQFHDWQPZDVPHDVXUHGDVZHOODVFRDJXODWLRQDFWLYLW\
3UHSDUDWLRQRIWXUELGZDWHU
7XUELGZDWHUIRUFRDJXODWLRQWHVWVZDVSUHSDUHGE\DGGLQJNDROLQLQWRWDSZDWHU7HQ
JUDPVRINDROLQZDVDGGHGLQWRORIWDSZDWHU7KHVXVSHQVLRQZDVVWLUUHGIRUKWR
DFKLHYHXQLIRUPGLVSHUVLRQRINDROLQSDUWLFOHVDQGWKHQLWZDVDOORZHGWRUHPDLQIRUK
IRUFRPSOHWHK\GUDWLRQRIWKHSDUWLFOHV7KLVVXVSHQVLRQZDVXVHGDVWKHVWRFNVROXWLRQ
7XUELGZDWHUZLWKPJONDROLQDERXW178ZDVSUHSDUHGE\GLOXWLRQRIPOVWRFN39
VXVSHQVLRQWRPOXVLQJWDSZDWHUMXVWEHIRUHWKHFRDJXODWLRQWHVW7KHLQLWLDOS+LQWKH
V\QWKHWLFZDWHUZDVDGMXVWHGWRZLWK01D2+VROXWLRQLQDFFRUGDQFHZLWKSUHYLRXV
investigations (12, 13).
&RDJXODWLRQWHVW
-DUWHVWZDVFDUULHGRXWWRHYDOXDWHFRDJXODWLRQDFWLYLW\RIHOXDWHVZLWKFRDJXODWLRQDF-
WLYHFRPSRQHQWVPOWXUELGZDWHUZDV¿OOHGLQIRXUPOEDNHUV(DFKFRDJXODQWZDV
DGGHGLQWRHDFKEHDNHUDWYDULRXVGRVHVDQGWKHFRQWHQWZDVPL[HGDWUSPIRUPLQ-
XWHV7KHPL[LQJVSHHGZDVWKHQUHGXFHGWRUSPDQGZDVNHSWIRUPLQXWHV7KHQ
WKHVXVSHQVLRQVZHUHOHIWIRUVHGLPHQWDWLRQ$IWHUKRXURIVHGLPHQWDWLRQDQDOLTXRWRI
PORIFODUL¿HGVDPSOHZDVFROOHFWHGIURPWKHPLGGHSWKRIWKHEHDNHUDQGUHVLGXDO
WXUELGLW\ZDVPHDVXUHG±57S7KHVDPHFRDJXODWLRQWHVWZDVFRQGXFWHGZLWKQRFRDJX-
ODQWDVDFRQWURO7KHUHVLGXDOWXUELGLW\LQWKHFRQWUROZDVGHVLJQDWHGDV57B. Coagulation
DFWLYLW\ZDVFDOFXODWHGDVIROORZV
Coagulation activity = (RTB±57S57B
$QDO\WKLFDOPHWKRGV
7XUELGLW\ZDVPHDVXUHGXVLQJDQHSKHORPHWHU926DQGLWZDVH[SUHVVHGLQ
nephelometric turbidity units (NTU) (14).
3URWHLQLQHOXDWHVZHUHPHDVXUHGE\VSHFWURSKRWRPHWU\-(1:$<899LVDW
280 nm.
S+ZDVGHWHUPLQHGXVLQJDS+PHWHU+,
5(68/76$1'',6&866,21
,RQH[FKDQJHEDWFKH[SHULPHQWZDVSHUIRUPHGE\HOXWLRQRIFRPPRQEHDQVHHGFR-
DJXODWLRQSURWHLQVZLWKJUDGXDOO\LQFUHDVLQJFRQFHQWUDWLRQRI1D&O,WLVZHOONQRZQIURP
the theory of ion-exchange chromatography that different proteins can be eluated from
UHVLQE\YDU\LQJWKHLRQLFVWUHQJKW&RQFHQWUDWLRQVRI1D&OXVHGIRUUHVLQHOXWLRQZHUHLQ
WKHUDQJHRI±0DQGREWDLQHGIUDFWLRQVZHUHFROOHFWHGIRUIXUWKHUDQDO\VHV3URWHLQ
FRQWHQWH[SUHVVHGDVDEVRUEDQFHDWQPLQHOXDWHGIUDFWLRQVDUHVKRZQDW)LJ
Results revealed that content of proteins eluated from resin varied in each of frac-
WLRQV$FFRUGLQJWRPHDVXUHGDEVRUEDQFHSURWHLQFRQWHQWZDVVOLJKWO\GLIIHUHQWZKHQ
DQG01D&OZDVDSSOLHGDQGVLJQL¿FDQWO\ORZHUZLWK01D&OVXJJHVWLQJWKDW
precipitated and dialysed extract from common bean seed is composed of various protein
SRUWLRQVZLWKGLIIHUHQWFKDUDFWHULVWLFV
In the next experiments coagulation activities of protein fractions obtained by elution
ZLWKLQFUHDVLQJFRQFHQWUDWLRQVRI1D&OZHUHPHDVXUHG)LJ$OORIWKHIUDFWLRQVZHUH
WHVWHGDWGLIIHUHQWGRVHVYDU\LQJLQWKHUDQJHRI±POZKLFKZHUHDGGHGWRPORI
WXUELGZDWHU
&ROOHFWHGSURWHLQIUDFWLRQVHOXWHGDWJUDGXDOO\LQFUHDVLQJLRQLFVWUHQJKWVKRZHGGLI-
IHUHQWFRDJXODWLRQHI¿FLHQF\ZKHQDSSOLHGDWWKHVDPHGRVH$WDGRVHRIPOSURWHLQ40
IUDFWLRQVHOXWHGZLWK0DQG01D&OVKRZHGKLJKHUFRDJXODWLRQDFWLYLWLHVDQG
UHVSHFWLYHO\LQFRPSDULVRQWRRWKHUWZRLQYHVWLJDWHGIUDFWLRQV$OPRVWWKHVDPH
SDWWHUQRIFRDJXODWLRQDFWLYLW\YVSURWHLQIUDFWLRQZDVUHYHDOHGZKHQPORISURWHLQ
IUDFWLRQZDVDGGHGWRPORIWXUELGZDWHU$WDGRVHRIPOWKHPRVWHI¿FLHQWZDVWKH
IUDFWLRQHOXWHGZLWK0DQG01D&OLQFRQWUDVWWRWKHKLJKHVWREWDLQHGFRDJXODWLRQ
DFWLYLWLHVRIIUDFWLRQHOXWHGZLWK0DQG01D&ODWDGRVHRIPO
Fig. 1.(OXWLRQRIFRPPRQEHDQVHHGSURWHLQVIURP$PEHUOLWH,5$&O
by different concentrations of NaCl in batch ion-exchange experiments
Fig. 2. Coagulation activity of fractions of common bean seed proteins eluted
by different concentrations of NaCl in batch ion-exchange experiments41
3UHYLRXVUHVXOWVRIWKHDQDO\VLVRIFUXGHDTXHRXVH[WUDFWRIFRPPRQEHDQVHHGVKRZHG
RYHUDOOFRDJXODWLRQDFWLYLW\RIZKLFKFDQEHH[SODLQHGE\GLIIHUHQWS+DW
ZKLFKFRDJXODWLRQWHVWVZHUHSHUIRUPHGDQGDGGLWLRQDOO\E\WKHIDFWWKDWSURWHLQVIURP
FUXGHH[WUDFWLQWKHSUHVHQWVWXG\ZHUHVHSDUDWHGLQIUDFWLRQVGXULQJWKHSXUL¿FDWLRQSUR-
cedure.
&RQVLGHULQJSUHYLRXVUHVXOWVWKDWYDULRXVIUDFWLRQVRIHOXWHGSURWHLQVVKRZHGGLIIHUHQW
FRDJXODWLRQHI¿FLHQF\ZKHQGLIIHUHQWGRVHVZHUHDSSOLHGWKHUHZDVDQHHGWRGHWHUPLQH
RSWLPDDOFRDJXODQWGRVHIRUHDFKRIWKHP)LJ7KHSURWHLQIUDFWLRQHOXWHGZLWK0
1D&OVKRZHGWKHKLJKHVWFRDJXODWLRQDFWLYLW\EHWZHHQDQGDWGRVHVRIPO
DQGORZHU6LPLODUSDWWHUQRIFRDJXODWLRQDFWLYLW\YVFRDJXODQWGRVHVKRZHGDOVRIUDFWLRQV
HOXWHGZLWK0DQG01D&OZKHUHE\RSWLPDOGRVHVZHUHPODQGPOUHVSHF-
WLYHO\&RQWUDU\WRWKLVLQFUHDVHLQFRDJXODQWGRVHZKHQIUDFWLRQHOXWHGZLWK01D&O
ZDVDGGHGWRWXUELGZDWHUFDXVHGDFRQVWDQWGHFUHDVHLQFRDJXODWLRQDFWLYLW\
Fig. 3. Coagulation activity of fractions of common bean seed proteins,
eluted in batch ion-exchange experiments, at different coagulant doses
CONCLUSION
&UXGHH[WUDFWRIFRPPRQEHDQVHHGZDVSDUWLDOO\SXUL¿HGE\SUHFLSLWDWLRQDQGLRQ
exchange chromatography and obtained protein fractions exibited coagulation activity.
'LIIHUHQWPRGHVRIUHODWLRQEHWZHHQFRDJXODWLRQDFWLYLW\DQGDSSOLHGFRDJXODQWGRVHIRU
each of the protein fractions obtained in ion-exchange batch chromatography indicated the
SRVVLELOLW\RIH[LVWHQFHRIGLIIHUHQWPHFKDQLVPVRIFRDJXODWLRQÀRFFXODWLRQGHSHQGLQJRI
characteristics of different proteins in fractions. The highest obtained coagulation activity
FRUUHVSRQGHGWRORZHVWSURWHLQFRQWHQWVXJJHVWLQJWKDWSDUWLDOSXUL¿FDWLRQRISURWHLQVH[-
WUDFWHGIURPEHDQVHHGKDVEHHQDFKLHYHG0RUHRYHUKLJKFRDJXODWLRQHI¿FLHQF\DWORZHU42
GRVHVRISDUWLDO\SXUL¿HGSURWHLQIUDFWLRQHOXWHGZLWKHJ01D&OUHSUHVHQWVDGYDQWDJH
IURPWKHWHFKQRHFRQRPLFSRLQWRIYLHZ
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ȿɄɋɌɊȺɄɐɂȳȺɂȾȿɅɂɆɂɑɇɈɉɊȿɑɂɒȶȺȼȺȵȿȺɄɌɂȼɇɂɏ
ɄɈȺȽɍɅɂɊȺȳɍȶɂɏɄɈɆɉɈɇȿɇȺɌȺɂɁɋȿɆȿɇȺɉȺɋɍȴȺ
ɆɚɪɢɧɚȻɒʄɢɛɚɧɆɢɪʁɚɧɚȽȺɧɬɨɜɢɆɢɥɟɌɄɥɚɲʃɚ
ɇɚɲɢɦɩɪɟɬɯɨɞɧɢɦɢɫɩɢɬɢɜɚʃɢɦɚʁɟɭɬɜɪɻɟɧɚɦɨɝɭʄɧɨɫɬɩɪɢɦɟɧɟɟɤɫɬɪɚɤɬɚɫɟ
ɦɟɧɚɩɚɫɭʂɚɤɚɨɩɪɢɪɨɞɧɨɝɤɨɚɝɭɥɚɧɬɚɩɪɢɱɟɦɭʁɟɤɚɨɫɪɟɞɫɬɜɨɡɚɟɤɫɬɪɚɤɰɢʁɭɤɨ
ɪɢɲʄɟɧɚɞɟɫɬɢɥɨɜɚɧɚɜɨɞɚɍɨɜɨɦɪɚɞɭʁɟɚɤɬɢɜɧɚɤɨɚɝɭɥɢɪɚʁɭʄɚɤɨɦɩɨɧɟɧɬɚɟɤɫ
ɬɪɚɯɨɜɚɧɚɪɚɫɬɜɨɪɨɦ1D&OɌɚɤɨɞɨɛɢʁɟɧɢɫɢɪɨɜɢɟɤɫɬɪɚɤɬʁɟɞɟɥɢɦɢɱɧɨɩɪɟɱɢɲ
ʄɟɧɩɪɢɦɟɧɨɦɩɨɫɬɭɩɤɚɤɨʁɢɨɛɭɯɜɚɬɚɬɚɥɨɠɟʃɟɩɪɨɬɟɢɧɚɚɦɨɧɢʁɭɦɫɭɥɮɚɬɨɦɭɤɥɚ
ʃɚʃɟɫɨɥɢɞɢʁɚɥɢɡɨɦɢɩɪɢɦɟɧɭɚɧʁɨɧɫɤɨɝʁɨɧɨɢɡɦɟʃɢɜɚɱɚɆɨɞɟɥɜɨɞɚɨɞɪɟɻɟɧɟ
ɦɭɬɧɨʄɟʁɟɬɪɟɬɢɪɚɧɚɟɥɭɚɬɢɦɚɤɨʁɢɫɭɫɚɞɪɠɚɜɚɥɢɪɚɡɥɢɱɢɬɟɮɪɚɤɰɢʁɟɩɪɨɬɟɢɧɚɚ
ɤɨʁɢɫɭɞɨɛɢʁɟɧɢɫɚɚɧʁɨɧɫɤɨɝʁɨɧɨɢɡɦɟʃɢɜɚɱɚɩɪɢɥɢɤɨɦɟɥɭɢɪɚʃɚɩɨɦɨʄɭɪɚɫɬɜɨɪɚ
1D&Oɪɚɫɬɭʄɟɤɨɧɰɟɧɬɪɚɰɢʁɟɂɡɜɟɞɟɧʁɟʇɚɪɬɟɫɬɫɚɪɚɡɥɢɱɢɬɢɦɞɨɡɚɦɚɞɨɛɢʁɟɧɢɯ
ɟɥɭɚɬɚɩɪɢɦɟʃɟɧɢɦɧɚɦɨɞɟɥɜɨɞɭɫɚɪɚɡɥɢɱɢɬɨɦɩɨɱɟɬɧɨɦɦɭɬɧɨʄɨɦɊɚɡɥɢɱɢɬɚ
ɡɚɜɢɫɧɨɫɬɢɡɦɟɻɭɤɨɚɝɭɥɚɰɢɨɧɟɚɤɬɢɜɧɨɫɬɢɢɩɪɢɦɟʃɟɧɢɯɞɨɡɚɤɨɚɝɭɥɚɧɬɚɡɚɫɜɚ
ɤɭɮɪɚɤɰɢʁɭɩɪɨɬɟɢɧɚɭɤɚɡɭʁɟɧɚɦɨɝɭʄɧɨɫɬɩɨɫɬɨʁɚʃɚɪɚɡɥɢɱɢɬɨɝɦɟɯɚɧɢɡɦɚɤɨɚ
ɝɭɥɚɰɢʁɟɮɥɨɤɭɥɚɰɢʁɟɤɨʁɢɡɚɜɢɫɢɨɞɤɚɪɚɤɬɟɪɢɫɬɢɤɚɩɪɨɬɟɢɧɚɭɨɞɪɟɻɟɧɨʁɮɪɚɤ
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